Herein, we have synthesized 4,5-diphenyl-1H-imidazole and 2-(1H-indol-3-yl)acetonitrile based donorp-acceptor fluorophores and studied their optical, thermal, electroluminescence properties. Both the fluorophores exhibit high fluorescence quantum yield (F f ¼ <0.6) and good thermal stability (T d10 ¼ <300 C), and could be excellent candidates for OLED applications. Moreover, the ground and excited state properties of the compounds were analysed in various solvents with different polarities. The geometric and electronic structures of the fluorophores in the ground and excited states have been studied using density functional theory (DFT) and time-dependent density functional theory (TDDFT)
Introduction
Elongated organic p-conjugated molecules are extensively used in making organic electronic materials due to their enormous potential applications 1 in two photon-absorption, 2 organic semiconductors, 3 organic photovoltaics (OPVs), 4 organic eld effect transistors (OFET's), 5 information storage devices, 6 nonlinear optics (NLO), 7 sensors, 8 organic light emitting diodes (OLEDs), 9 etc., and these systems show tunable optical and electrical properties. Owing to their promising applications in developing modern full-colour at-panel displays and solidstate light sources, OLEDs have received considerable attention. 10 In the last few decades the vacuum thermal deposition process, 11 which is one of the important techniques, has been used for fabricating OLEDs. Since the invention 12 of multilayered OLEDs in 1987 by Tang and Van Slyke they are commonly used in many display applications. 13 Organic uo-rophoric materials have been used to produce primary color red-green-blue (RGB) and near-infrared (NIR) emissions. The emission behaviour is usually tuned by conjugation, effective chromophores and dopants in hole-electron transporting materials.
14 The spin statistic rule suggested that the conventional 15 OLEDs can harvest 25% for internal quantum efficiency (IQE) due to the limited electron-hole conversion, and phosphorescence emitters can harvest both singlet-triplet excitons for the electroluminescence process. 16 Recently, Adachi and coworkers 17 developed thermally activated delayed uorescence (TADF) technique using D-A (donor-acceptor) organic small molecules as emitters, which could harvest 100% IQE due to reverse intersystem crossing (RISC) process. 17a,b In the p-i-n type uorescence OLEDs the anode has injected hole through pdoped hole transporting layer (HTL) to the emissive layer and the cathode has injected electron via n-doped electron transporting layer (ETL) to the emissive layer leading to recombination of charge in the emissive layer which emits high efficient light. 18 Interestingly, organic small molecules incorporated with electron donor (D) and acceptor (A) by a linearly connected pspacer exhibit special patterns in optical and electrical properties, 19 and such compounds have large electric dipoles in the excited states which also enhance intramolecular charge transfer (ICT). 20 Many D-A type organic small molecules have been used as luminogen in OLED applications. Among these, highly substituted imidazole derivatives received signicant concern in developing novel luminogen materials for optoelectronic materials.
21 Small organic molecules having highly substituted imidazole moiety as an electron donor with various acceptors were scarcely reported.
22 Based on our knowledge, there is no literature available for 4,5-diphenyl-1H-imidazole linked 2-(1H-indol-3-yl)acetonitrile as luminogens. In this context, we planned to synthesize 4,5-diphenyl-1H-imidazole linked 2-(1H-indol-3-yl)acetonitrile and evaluate its thermal, optical, electrochemical stability and investigate the structureproperty relationship of ambipolar p-conjugated luminogen materials. The D-p-A compound is probed as p-i-n type nondoped multilayer OLEDs to afford high efficient yellowish green emission (the CIE values of 0.45, 0.52). Further, the D-p-A interactions, optical and electrical properties are actually elucidated with a view to explore suitable candidates to develop multifunctional luminogen materials in the future.
Results and discussion

Synthesis and characterization
The targeted molecule BIPIAN and BITIAN were designed and synthesized using various synthetic steps as illustrated in Scheme 1, the detailed synthetic procedure is described in the experimental part. The highly-substituted imidazole core was assembled via one-pot multi-component reaction 23 followed by the Suzuki cross-coupling reaction 24 to obtain the formyl group incorporated imidazole. Finally, Knoevenagel condensation 25 of the corresponding aldehyde with 2-(1H-indol-3-yl)acetonitrile was carried out to afford the target molecules BIPIAN and BITIAN with good yield. In all the steps, the compound was puried by column chromatography (hexane/dichloromethane) using silica gel (100-200 mesh) and characterized using FT-IR, NMR and mass spectrometry.
Photophysical properties
The aim of this study is to understand the structure-property relationship of newly constructed imidazole based D-p-A organic small molecules. Generally, imidazole derivatives are widely used to build efficient uorescent OLEDs due to their twisted structure and charge transporting ability. Indeed, the synthesized imidazole derivatives have better solubility in common organic solvents like dichloromethane, toluene, tetrahydrofuran, chloroform and N,N-dimethylformamide but poor solubility in methanol and water due to the presence of hydrophobic aromatic units with the concentration of 10 À5 M.
The steady-state optical behaviour of the emitters was investigated using ultraviolet-visible (UV-Vis) and photoluminescence spectrometry (PL) in both solution and solid lms state on quartz substrate which is better to understand the photophysical properties. The key optical parameters are displayed in Table 1 .
Absorption spectra Fig. 1 shows UV-Visible absorption spectra of BIPIAN and BITIAN derivatives which exhibit similar absorption pattern at 270 nm with lower intensity than the p-p* transition of conjugated skeleton at 376 and 408 nm respectively. Fig. S1 and S3 † show the absorption band in the range of 376-406 and 402-413 nm in various solvents for BIPIAN and BITIAN respectively and the longer wavelength bands can be attributed to p-p* transitions of imidazole donor and 2-(1H-indol-3-yl)acetonitrile acceptor unit. Notably, the absorption spectra are strong and broad which covers 350 to 450 nm for BIPIAN and 330 to 470 nm for BITIAN. Moreover, the intensity of p-p* transitions is higher than that of the charge-transfer transition. In addition, intramolecular charge transfer (ICT) transition was observed at 408 nm which occurs between D-A unit. 26 The optical energy gaps obtained from the onset of the absorption spectrum in dichloromethane solution are (E g ) 2.77 and 2.48 eV for BIPIAN and BITIAN respectively. Indeed, both uorophores exhibit moderate to strong molar extinction coefficient (BIPIAN 1.90 and BITIAN 1.30 Â 10 5 M À1 cm À1 ) of D-p-A system. This is well supported by computational predictions.
Photoluminescence studies
The emission behavior of electronically excited molecules was investigated in dichloromethane ( Fig. 1) , to identify the solvent effect on the excited state. We observed most intense emission l max at 467 and 493 nm (excited at 376 and 408 nm) and a full width at half maximum (FWHM) of 69 and 99 nm for emitter BIPIAN and BITIAN respectively. In PL peaks, red-shi was observed in various solvents ranging from 437 to 483 and 458 to 494 nm for BIPIAN and BITIAN respectively. Indeed, the solventdependent excited state behaviour was observed in both compounds.
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The uorescence quantum yields (F f ) of the highlysubstituted imidazole derivatives were investigated in various solvents from non-polar cyclohexane to polar N,N-dimethylformamide. The observed quantum yields (F f ) lie in the range of 0.23-0.64 for BIPIAN and 0.23-0.69 for BITIAN (Table  1) . However, the external quantum efficiency of thin lm BITIAN estimated by the integrating sphere technique provides 0.24% of quantum yield. On the contrary, the uorescence quantum yield decreased on increasing the solvent polarity implying intramolecular charge transfer of the excited state. In addition, the uorescence quantum yield was observed in less polar solvents (i.e., CyHex, toluene, CHCl 3 and THF), which is higher than that of polar solvents (i.e., DCM, acetone, EtOH and MeOH). As well the more polar solvent such as, DMF and ACN show signicantly lower uorescence quantum yield. Obviously, the higher Stokes shi for BIPIAN and BITIAN leads to enhanced charge transfer at the locally excited state of the molecule. Among these, BITIAN shows larger Stokes shi due to the presence of thiophene p-spacer leading to a signicant structural reorganization of the molecule. In PL emission behaviour, both the molecules show shoulder and peak in a polar solvent but no such thing was observed in non-polar solvents. Hence, the emission band strongly depended on the solvent polarity, which favours the occurrence of ICT under light excitation. The strong bathochromic shi was observed in both molecules due to the presence of highly conjugated units between imidazole and 2-(1H-indol-3-yl)acetonitrile. Noticeably, the solvatochromic study was performed to understand the interaction of emitters with the solvent environment on the ground and excited state with various polarities of solvents implying a positive solvatochromism. Moreover, the positive solvatochromic emitters strongly induce the ICT behaviour on the excited state. Further, the ICT effect was distinguished by polarity of solvent and photoluminescence emission process ( Fig. S2 and S4 †) .
The increasing solvent polarity from non-polar cyclohexane to polar N,N-dimethylformamide, enhanced the ICT character. Signicantly, the absorption spectra were independent of solvent polarity while the emission spectra dependent. When the polarity of the solvent increases, the interaction between solvent and solute also increases which reveal more positive solvatochromism in emission spectrum as shown in Fig. 1 . Probably, the emission spectra exhibit higher wavelength in polar solvents due to photoinduced intramolecular charge transfer, structural reorganization, dipole-dipole interaction and excimer complex formation, etc. Further, the observed Stokes shi values are listed in Table 1 . The solvatochromic effect was investigated using Lippert-Mataga plot, Stokes shi versus orientation polarizability (Df) of synthesized compounds, which describe the effect of solvent in the ground and electronically excited state of the molecule ( Fig. S5 and S6 †).
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Normally, the solvatochromism is related to the dipole moment of electronically excited and ground state of the molecule. The synthesized molecules examined for Stokes shi from the non-polar (CyHex) to polar solvent (DMF) and it revealed that a higher charge transfer character is observed. It is noted that the Stokes shi for BITIAN and BIPIAN falls in the range 3858-6149 cm À1 and 3622-5631 cm À1 respectively. The large Stokes shi observed for uorophores indicate a higher dipole moment in the excited state than ground state. Interestingly, the large Stokes shis for the emitters are more advantageous and favourable for electroluminescence devices, which may assist to avoid discarded self-absorptions. Solvatochromism behaviour was described in a well-known method by Reichardt-Dimroth polarity E T (30) parameters.
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Correlation between Stokes shi versus E T (30) parameter indicates non-linearity in solvatochromism behavior (Fig. S7 †) . Due to the specic solvent effect divergence from linear dependence, may result from solute-solvent interactions and large difference in dipole-dipole (enhance the charge transfer) interactions in the excited state.
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Fluorescence lifetime measurement
The uorescence decay time in the excited state of newly synthesized molecule was investigated using time-correlated single-photon counting technique. 31 Initially, the lifetime histogram was well tted in single-exponential decay in dichloromethane solution exhibiting lifetime (s) 1.08 and 1.12 ns for BIPIAN and BITIAN, respectively and the c 2 values are calculated for BIPIAN is 1.01 and BITIAN is 2. Fig. S8 † and 2 show uorescence decay curves of BIPIAN and BITIAN, which is inuenced by emission behaviour. Further, the solvent polarity varied from non-polar to polar (such as cyclohexane, DCM, ACN and MeOH), uorescence decay was tted to mono or biexponential decay based on the tting ability. The uo-rophores surrounded by solvent molecules and polarity of solvents leads to various intensity of decay which represents the conformational distribution of the lifetime. The steady-state measurement of uorescence decay was observed for both molecules in different solvents which resulted in bi-exponential decay (lifetime-weighted quantum yield or amplitude-weighted lifetime). Further, the average lifetime hsi was calculated and the detailed uorescence decay measurements data are listed in Table S1 . † Two distinct lifetimes were observed for a single uoro-phoric compound which indicates bi-exponential decay of electronically excited state. Bi-exponential decay may arise due to various conformations of the excited molecule, solvent effect, molecular environment and dissimilar spin-multiplicities of the excited state. Subsequently, internal PL quantum yield (F PL ) and average uorescence decay lifetime were used to calculate radiative (k r ) and non-radiative (k nr ) decay using corresponding equation 32 and results are summarized in Table S1 . † Signi-cantly, the F PL was obtained for both molecules which illustrated a higher radiative rate constant due to the presence of electron withdrawing units thus enhancing the intersystem crossing and internal conversion in the ground state. BIPIAN in acetonitrile shows non-radiative decay and this may be due to the interaction between solvent-solute. Based on these results, both luminogen molecules are suitable for OLEDs applications.
Optimized geometry and frontier molecular orbital analysis
The C-C bond lengths in BIPIAN and BITIAN fall in between their respective single and double bond limits and this indicates the C-C bond present in both molecules is no longer a pure single bond (due to delocalization of p-electrons).
21b,23,33
Similarly C-N, C-O and C-S bond lengths also are lower than its actual bond lengths. This also shows an enhanced delocalization of p-electrons due to co-planarity of the benzene and thiophene rings in the molecule ( Fig. S9 and S10 †). The highest occupied molecular orbitals (HOMOs), lowest unoccupied molecular orbitals (LUMOs) and band gaps (HOMO-LUMO gap) of BIPIAN and BITIAN have been explored to recognize the nature of electronic and optical properties.
34 It is interesting to note that the HOMO of BIPIAN is localized mainly on the substituted imidazole and phenyl ring while the LUMO is mainly centered on the phenyl ring and 2-(1H-indol-3-yl) acetonitrile units. On the other hand, HOMOÀ1, HOMOÀ2, HOMOÀ3, LUMO+1 and LUMO+2 orbitals are predominantly localized on the substituted imidazole while the LUMO+3 of BIPIAN is localized on the substituted imidazole and 2-(1H-indol-3-yl)acetonitrile and phenyl unit (Fig. 3) . The HOMO of BITIAN is equally localized on the highly-substituted imidazole and thiophene ring while the LUMO is centered on the entire molecule (highly-substituted imidazole, phenyl or thiophene ring and 2-(1H-indol-3-yl)acetonitrile). The HOMOÀ1 and HOMOÀ2 of BITIAN are principally localized on the highlysubstituted imidazole whereas HOMOÀ3 is primarily distributed on the 2-(1H-indol-3-yl)acetonitrile. However, LUMO+1, LUMO+2 is centred on the highly-substituted imidazole and LUMO+3 is centered on the 2-(1H-indol-3-yl)acetonitrile (Fig. 3 ).
This signies that the HOMO / LUMO transition bears a signicant ICT and p / p* character and the other absorption bands have dominant contributions from HOMOÀ1 / LUMO and are mainly p / p* character. The energy gaps of compounds BIPIAN and BITIAN are found to be 3.18 and 2.91 eV respectively (Fig. 4) . The HOMO levels for BIPIAN and BITIAN are observed at À5.39, À5.18 eV, respectively. The LUMO levels for them are in the range of À2.21 and À2.27 eV (Fig. 3 36 and the LUMO levels are higher than that of the tris(8-hydroxyquinoine)aluminium (Alq 3 , À1.81 eV), 37 which is one of the widely used electron transport material. This indicates that BIPIAN and BITIAN can act as 'trifunctional materials' (emitter, hole and electron transporters) in OLEDs.
To understand the nature of various segments of the molecule and their individual contributions towards HOMOs and LUMOs (using QMForge 38 ), the whole molecule has been segmented into three fragments, namely donor (imidazole), pspacer (phenyl or thiophene ring) and acceptor units (2-(1H-indol-3-yl)acetonitrile). As evident from the molecular orbital diagrams, HOMOs of BIPIAN are mainly centralized by the donor (56%) and p-spacer (30%) and interestingly LUMOs are majorly stabilized by p-spacer (54%) and acceptor (25%). The donor part contributes majorly on the HOMOÀ1 (53%), HOMOÀ2 (88%), HOMOÀ3 (78%), LUMO+1 (56%), LUMO+2 (91%) and LUMO+3 (43%). In the case of BITIAN, the HOMO is equally contributed by the donor (40%) and p-spacer (47%). The HOMOÀ1 (57%), HOMOÀ2 (81%), LUMO+1 (67%) and LUMO+2 (90%) are majorly contributed by donor part and HOMOÀ3 (73%) and LUMO+3 (49%) located on acceptor units (Table 2 ). This conrms that the donor and acceptor parts in BIPIAN and BITIAN are responsible for the intramolecular charge transfer upon excitation.
To understand the nature of electronic transitions and contributing congurations of BIPIAN and BITIAN, TD-DFT calculations on the absorption and emission in both vacuum and in solvent (with various solvents) were performed. The calculated absorption spectrum of BIPIAN and BITIAN are in good agreement with the experimental results (Table S2 †). The electronic transitions are of the p / p* character, and excitation to S 1 state corresponds exclusively to the promotion of an electron from HOMO / LUMO (67-84%). The experimental band in toluene is found at 380 nm for BIPIAN corresponds to the transition predicted at 371 nm, and this originates from HOMO / LUMO transition with p / p* transition character (80%). The experimental band predicted in THF at 382 nm corresponds to the transition calculated at 373 nm with larger oscillator strengths which originate from HOMO / LUMO (77%) with p / p* character. In DCM and CHCl 3 , the experimental band found at 376 nm corresponds to the transition calculated at 371 and 372 respectively. This transition has signicant p / p* character due to the exclusive promotion of an electron from HOMO / LUMO (74-77%). Similar trend was observed in ACN, acetone, DMF, MeOH and EtOH and the excitations correspond to S 1 state exclusively to the promotion of an electron from HOMO / LUMO (67-84%) with signicant p / p* character. For BITIAN, the experimental band in cyclohexane found at 405 nm corresponds to the transition computed at 405 nm and it originates mainly to the excitation to S 1 states from HOMO / LUMO (81%) with signicant p / p* character. The experimental band predicted in toluene at 412 nm, corresponds to the transition calculated 407 nm with larger oscillator strengths which originates from HOMO / LUMO (81%) with p / p* character. In THF and DCM, the experimental bands found at 411 and 408 nm, corresponds to the transition calculated at 407 nm for both solvents. This transition has signicant p / p* character due to the exclusive promotion of an electron from HOMO / LUMO (83%). The same has been observed in CHCl 3 , ACN, acetone, DMF, MeOH and EtOH and the excitations are to S 1 state and is mainly contributed by HOMO / LUMO transition (83-84%) and it has signicant p / p* character. In comparison with gas phase simulated absorption spectra, the solvent phase spectra shows red shi due to the solute-solvent interaction. 39 Overall, the absorption of BIPIAN and BITIAN with various solvents corresponds to S 0 / S 1 transitions and the most intense bands with higher oscillator strengths are mainly contributed by HOMO / LUMO transition (67-84%) of signicant p / p* character.
Theoretical emission spectra for BIPIAN and BITIAN based on optimized excited-state geometries are presented in Table 3 . The emission peaks in THF solvent for BIPIAN, with the largest oscillator strength are due to LUMO / HOMO transition (93%). The emission peaks in toluene, DCM, CHCl 3 The results reveal that the emission wavelengths, coefficients and congurations are nearly identical for BIPIAN and BITIAN but a 3-20 nm red-shi has been observed and this is due to the solute-solvent interaction. The calculated absorption and emission bands are in good agreement with the experimental results. Overall, the DFT and TD-DFT calculations reveal deeper insights into the electronic structures, and optical properties and the nature of the transition of BIPIAN and BITIAN are well explored by theoretical methods. The radiative lifetime (s) have been computed for spontaneous emission.
40 OLED molecules with short radiative lifetime have been known to have high light-emitting efficiency while those with long radiative lifetime facilitate electron and energy transfer and the attack of active species. 41 Both BIPIAN and BITIAN show short radiative lifetime (1.63-1.92 ns) and this indicates that they are good light-emitting materials (Table 3) . It is a key point toward the development of this type of materials for OLEDs. It is well-known that uorescence emission is accompanied by energy ejection. When the energy of the uo-rescence excitation is E Flu and the energy difference between the HOMO and LUMO are DE H-L , the exciton binding energy can be dened as E b ¼ DE H-L À E Flu . Therefore the exciton binding energy (E b ) is the energy required to destroy a hole-electron exciton. The values of E b for BIPIAN and BITIAN indicate that the energy required to destroy a hole-electron exciton follows the order BITIAN < BIPIAN.
Electrochemical properties
The redox property of the new uorophores was probed using cyclic voltammetry, further the frontier molecular orbital level also studied. The results are shown in Fig. 5 and S11 †, which indicate their potential application in bipolar charge transport material. The redox potential is a highly essential parameter for luminescent materials accordingly the hole/electron-injecting barrier was reduced. The imidazole derivatives exhibit similar reversible oxidation peak potential and detailed data was compiled in Table 4 . The HOMO energy level was determined using the following formula: HOMO ¼ (4.8 eV + E ox ), where, E ox is onset oxidation peak potentials. Besides, the band gap energy (DE g ) of the molecules were examined from the onset wavelength which is obtained from intersecting of absorption and emission spectra, further which could be useful for calculating LUMO energy levels (LUMO ¼ HOMO + DE g ). The HOMO energy levels for BIPIAN À5.75 eV, BITIAN À5.76 eV and LUMO energy level for BIPIAN À2.77 eV, BITIAN À2.48 eV. Intriguingly, the electrochemical stability of D-p-A compounds is evaluated using CV in dichloromethane by applying different scan rate from 100-1000 mV s À1 in repeated cycles. Hence, there is no Table 4 ). The thermal properties of biphenyl compounds are exible in nature and have lower T g /T d of BIPIAN, when compared with BITIAN. Moreover, thermal behaviour of synthesized compounds was studied with better understanding and identied which is suitable to make uniform lm morphology and an appreciable device performance.
Ionization potential, electron affinity and reorganization energy
To understand the nature of energy barrier for injection and transport rates for holes and electrons, we have computed ionization potentials (IPs), electronic affinities (EAs) and reorganization energies (l) of BIPIAN and BITIAN. 42 The IPs and EAs, together with the hole extraction potential (HEP), which is the energy difference from M + (cationic) to M (neutral molecule) using the M + geometric structure and the electron extraction potential (EEP), which is the energy difference from M À (anionic) to M using the M À geometric structure. The IPs and
EAs can be either for vertical excitations (v, at the geometry of the neutral molecule) or adiabatic excitations (a, at the optimized structures for both the neutral and charged molecule). The reorganization energies for electron transport (l electron ) and hole transport (l hole ) have been well claried.
33,34d,43
The main challenge for the application of organic molecules in OLEDs is the achievement of high EA and low IP to improve the electron and hole transport electronic devices.
33, 44 For OLED material, lower the IP easier the entry of hole from indium tin oxide (ITO) to hole transporting layer (HTL) and higher the EA easier the entry of electron from cathode to electron transport layer (ETL). 45 It has been experimentally proved that BNPB is a good trifunctional molecule.
32, 45 The IPs of BIPIAN (6.33 eV) and BITIAN (6.15 eV) are close to that of BNPB (6.09 eV), therefore they can be used as HTL materials. From EAs values, BIPIAN (1.07 eV) and BITIAN (1.17 eV) are expected to accept the electron easily than BNPB (0.74 eV). 46 Therefore both BIPIAN and BITIAN exhibit more excellent properties as ETL materials than BNPB due to the nature of donor and acceptor groups. The trends in the IPs and EAs of BIPIAN and BITIAN are similar to those of the negative HOMO and LUMO energies (Table S3 †) . To be an emitting layer material, it needs to achieve a balance between hole injection and electron acceptance. By theoretical concept, if l value is lower, the charge-transport rate will be higher. The l hole for BIPIAN (0.27 eV) and BITIAN (0.28 eV) are lower than their respective l electron (BIPIAN ¼ 0.36 eV; BITIAN ¼ 0.32 eV) and hence suggesting that the hole transfer rate is higher than the electron transport rate. Hence, these compounds can be used as an HTL than the ETL. However, the energy differences between the l hole and l electron is very small about 0.09 and 0.04 eV for the compounds BIPIAN and BITIAN, thus these compounds can also act as ambipolar material.
Electroluminescence performance
The synthesized luminogen molecule BITIAN is fabricated as emissive layer in OLED device. Computed data indicates that these materials are suitable for both hole as well as electron transporting layer. Further, we plan to understand the emission properties of newly assembled D-A molecule using c The HOMO and LUMO energies were determined from CV and the absorption onset. Ferrocene (Fc; 4.8 eV) was used as the internal standard in each experiment. The Fc oxidation peak potential was located at +410 mV, relative to the saturated Ag/AgCl reference electrode. Evaluate from the onset of the absorption spectra, E g ¼ (1240/l onset ).
d Measured for T g & T d ; (i.e. not detect). luminescence behaviour. Fig. 7 and S13 † demonstrates the current density-voltage-luminance (J-V-L) plot of OLED containing BITIAN as emissive layer. The OLED structure consists of p-i-n conguration, where p denotes As a result, we expected a larger electron leakage from the EML which subsequently reduced the luminance and device performances. We speculated that with proper hole injection layers, this leakage problem can be reduced. The maximum luminance efficiency was observed around 100 cd m À2 at 20 V.
Deep HOMO level of BITIAN is expected to generate electron accumulation at BITIAN/TPBI interface owing to high injection barrier for holes. Aer 7.5 V, the recombination process is started in BITIAN in which certain leakage current is contributed by the electron accumulations. To avoid this kind of leakage current, it is advisable to use hole injection layers. However, the emission achieved in this structure is only from BITIAN material. The EL spectrum recorded at 11 V for the above-discussed OLED is depicted in Fig. 8 . Hence the full width at half maximum (FWHM) for electroluminescence spectrum signies the high color purity based on performance of the device. However, the maximum emission occurred at 564 nm and there is no additional peak observed. It indicates the charge recombination only generated on the BITIAN layer. The EL emission was observed at a longer wavelength (564 nm) than PL emission (534 nm). This kind of Stokes shi might be attributed to the charge traps presented in BITIAN due to certain oxidized species or due to the excimer formation. Table 5 indicated the overall performance of p-i-n type nondoped uorescent OLEDs using BITIAN as the emission layer. The CIE 1931 coordinates for this emission is found to be (x, y) 0.45, 0.52 indicating the yellowish green emission 47 thus conrms the photon generation only from the BITIAN. The maximum current and power efficiencies are 0.68 cd A À1 and 0.12 lm W À1 respectively. The EQE of the device reordered to be 0.24%. The relatively poor performances recorded for the above OLED might be attributed to the deep HOMO of BITIAN, which can contribute to leakage current by electron accumulation at ETL side. Even though, luminance is lower, the uniformity of the pixel was notably good as shown in the inset of Fig. 8 . Further, the stability of the pixels also stable for under epoxy encapsulation for few days. However, the present work delineated the possibility of light generation with BITIAN compounds. Despite the poor performances, BITIAN proved to be an electroluminescence active material for OLED applications. CIE co-ordinates, emission wavelength and efficiencies reected that the BITIAN can be processed in OLED as a uo-rescent emitter material with a proper device conguration.
Conclusion
In summary, we have developed a new series of ambipolar type imidazole based D-p-A moiety with diverse linkage. The newly synthesized molecules (BIPIAN and BITIAN) are well characterized by various analytical techniques. The photophysical and electrochemical studies show that the synthesized uorophores are compatible for OLED application. Further, both molecules have good thermal, morphological stability, larger Stokes shi, uorescence quantum yield and enhanced charge balance abilities. In addition, Lippert-Mataga and E T (30) relationship suggest an increase of TCI in electronically excited molecules.
We have also performed theoretical investigation to explore their optical, electronic properties, and device performance. 
Experimental section
General information
Materials and methods. All reagents were obtained from commercial sources, unless otherwise specied. The solvents toluene and tetrahydrofuran were puried by standard puri-cation techniques. 4-Methoxyaniline, benzile, 4-formylphenylboronicacid, 4-bromobenzaldehyde, 5-bromo-2-thiophenecarboxaldehyde and 3-indoleacetonitrile were purchased from Sigma Aldrich or Alfa Aesar and used as received without further purication. All the reactions were conducted in oven-dried glassware under a positive pressure of argon with magnetic stirring. C NMR and DEPT experiments. High resolution mass analyses were performed using electron spray ionization (ESI) technique on a Thermo Exactive Orbitrap mass spectrometer. Steady-state spectroscopic techniques were analyzed to obtain solution and lm forming (JASCO V-360 spectrophotometer) by vacuum (2 Â 10 À6 mbar) deposition on a quartz substrate. UV/Vis absorption spectra were measured in various solvents such as spectroscopic or HPLC grade and photoluminescence (PL) spectra in solution were obtained on a JASCO FP-8300 spectrouorometer in different solvents (cyclohexane to N,N-dimethylformamide) performed at room temperature and the lm was examined by using a JASCO V-630 spectrouorometer respectively. Fluorescence quantum yield (F f ) of the molecules was determined using the following equation,
where, F f , I S , OD S , h S are the uorescence quantum yield, photoluminescence integrated areas, optical densities of the excitation wavelength, refractive indexes of sample respectively, and F R , I R , OD R , h R uorescence quantum yield (9,10-diphenylanthracene; F R ¼ 0.95 in ethanol was used), photoluminescence integrated areas, optical densities of the excitation wavelength, refractive indexes of standard reference material respectively. The electrochemical stability was determined by cyclic voltammetry (CV) using a bio-logic (SP-50) potentiostat in degassed dichloromethane solution. Tetrabutylammoniumhexauorophosphate (TBAPF 6 : 0.1 M) was utilized as supporting electrolyte. The redox peak potential was obtained at the scan rate of 0.1 V s À1 . These was a three-electrode cell setup conguration which consist of platinum wire as an auxiliary electrode, a saturated Ag/Ag + reference electrode, platinum as a working electrode and ferrocene-ferrocenium ion (Fc/Fc + ) used as internal standard (4.8 eV). However, the onset potential was investigated at the intersect point of two tangents at the maximum slope of the photocurrent and background current of the cyclic voltammogram. Thermal behaviour of TGA and DSC were evaluated (T d and T g ) under a nitrogen atmosphere at a heating rate of 10 C min À1 .
Synthesis of BIMP-Br
A mixture of benzil (1 mmol), p-bromobenzaldehyde or 5-bromo-2-thiophene carboxaldehyde (1 mmol), p-anisidine (4 mmol) and NH 4 OAc (4 mmol) was dissolved in glacial acetic acid (15 ml) and reuxed for 3 h under nitrogen atmosphere. The reaction was monitored using TLC aer completion of the reaction it was cooled to room temperature and poured into ice water to precipitate. The precipitate was ltered and washed with 50 ml of water (four times), dried in vacuo and the crude product was further puried by column chromatography using silica gel ( 
Synthesis of BIBP-AL
In a 30 ml of ame-dried Schlenk-ask BIMP-Br or BIMT-Br (1 mmol) and 4-formyphenyl boronic acid (1.1 mmol) was dissolved in 20 ml THF. To this solution, 10 ml of 2 N K 2 CO 3 solution and tetrakis(triphenylphosphine)palladium (0.002 mmol) were added. The reaction mixture was stirred at room temperature under nitrogen atmosphere for 0.5 h aer that heated to 80 C and kept for 12 h at the same temperature. The reaction was monitored using TLC aer completion of the reaction cooled to room temperature and diluted with 50 ml of water. The reaction mixture was extracted with dichloromethane solution (2 Â 50 ml), washed with water, dried over Na 2 SO 4 and solvent removed under reduced pressure. The resultant residue was puried using column chromatography using silica gel (100-200 mesh) (hexanes/DCM, 7 : 3, v/v) to obtain corresponding product; yellowish white solid; yield: 1. 
Synthesis of BIPIAN
In oven-dried round bottom ask BIBP-AL or BIPT-AL (1 mmol), indole-3-acetonitrile (1 mmol), and potassium tert-butoxide (2 mmol) were dissolved in dry methanol and reuxed at 70 C.
The reaction was monitored using TLC, aer completion of the reaction mixture was cooled to room temperature and poured into ice water to give yellow precipitate and that was ltered and washed with water (2 Â 25 ml) and methanol (1 Â 25 ml) and again washed with water (1 Â 25 ml). Then, the crude product was puried using column chromatography (silica gel 100-200 mesh) in hexanes : CH 2 Cl 2 (4 : 2 v/v) as an eluent to obtain corresponding products. 
Device fabrication and measurements
The electroluminescence device was fabricated on a glass substrate which is pre-coated with indium tin oxide (ITO) as anode, 1,4-bis[(1-naphthyl-phenyl)amino]biphenyl (NPB 40 nm) as a hole-transporting layer and 2,2 0 ,2 00 -(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TPBi 20 nm) as electron transporting layer and lithium uoride (LiF/Al) and aluminium used as bi-layer cathode, which are commercially available materials. Before using the device, the substrate was washed systematically and treated with oxygen plasma for 5 min and drying with air for 20 min at 150 C. The hole transporting material (NPB) was vacuum deposited on cleaned ITO-coated glass substrate in nitrogen atmosphere for 20 min. Before making device, the emitter was treated at 100 C under vacuum.
Moreover, the emissive layer was thermally evaporated under nitrogen atmosphere for 20 min. Subsequently, TPBI and LiF/Al were successfully evaporated on emissive layer by vacuum thermal process. The device performance was carried out at ambient temperature with nitrogen atmosphere under dark place. The electrical behaviour of the device was used to analyse current density-voltage-luminescence by Minolta CS-1000 spectrometer and a Keithley 2400 source measuring system used to determine the OLED performance.
Computational details
All calculations have been performed using Gaussian 09. 48 The ground-state geometries of the considered molecules were fully optimized at DFT at B3LYP/6-31+G(d,p) level of theory.
49 The excited state geometries were fully optimized using ab initio conguration interaction singles method (CIS). 15, 17 The vibrational frequency analysis of the optimized geometries conrms that all the optimized geometries are found to be minima on the potential energy surface with all real frequencies. The electronic absorption and emission spectra, both in vacuum and in solution, were systematically investigated by TD-DFT method at CAM-B3LYP/6-31+G(d,p) level. 50 The solvent effect has been included by the polarized continuum model (PCM).
51
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